The cyanogenic glycoside dhurrin (p-hydroxy- mandelonitrile-,8-D-glucoside5) 
isolated and characterized the compound from Sorghutm vulgare Pers., reported that the glycoside was abundant in young plants but was absent in mature plants and in the seed (5) . These observations suggested that this tissue might be suitable for investigating the biosynthesis of p-hydroxybenzaldehyde and HCN. This paper describes experiments designed to test the usefulness of Sorghum vulgare as an experimental material and defines the conditions used in subsequent biosynthetic studies (4) .
MATERIALS AND METHODS
The experiments were carried out with Sorghum vztlgare (var. Honey Drip) purchased from Germain's Inc., Fresno. In preliminary experiments, 3-day old etiolated seedlings of this variety contained more HCN than ten other varieties examined. Green seedlings were grown at 250 C in vermiculite in metal trays from seed which had been soaked for 16 hours in tap water. The trays were placed under three fluorescent tubes (40 w each) and light was supplied for 16 hours daily. The material obtained under these conditions was more uniform than that grown in the greenhouse in daylight. Only the aerial portion of the seedlings was taken for analysis; 25 to 30 seedlings weighed 1 g. Etiolated seedlings were obtained essentially as described by Jacobson et al (8) . Seeds which had been soaked for 16 hours in tap water were spread on moist cheese cloth mounted on inverted, perforated, plastic baskets. The baskets were placed in a 4 liter beaker containing 1 liter of dilute mineral solution (8) then covered with a watch glass, placed in a lightproof box at 300 C, and the solution aerated with a tube extending into the beaker. Under these conditions extremely uniform germination and growth occurred and, after 3 days, the roots were 6 to 7 cm in length while the shoots were 9 to 10 cm. The complete seedling was taken for analysis; 10 to 15 seedlings weighed 1 gram.
In most of the work reported here, no attempt was made to isolate the cyanogenic glycoside quantitatively. Instead, because of the occurrence of an active glycosidase in sorghum (5), it seemed desirable to permit this enzyme to catalyse the hydrolysis of p-HMN-,8-G and then estimate the glycoside by measuring the HCN and p-hydroxybenzaldehyde released. Upon hydrolysis of the glucoside, the aglycone formed is p-hydroxymandelonitrile. This compound is unstable and decomposes to HCN and the aromatic aldehyde. In addition, however, an enzyme (oxynitrilase (1) ), which catalyzes the decomposition of the nitrile, is also present in sorghum (4) . A commercial preparation of emulsin (Worthington Biochemicals) also catalyzed the decomposition of p-HMN-/3-G to HCN, p-hydroxybenzaldehyde and glucose. Acid hydrolysis of the glycoside was carried out in 1.4 N HSO4 at 80°C for 5 hours.
The plant material was prepared for analysis by freezing in liquid nitrogen, then, grinding to a fine powder with a mortar and pestle. The powder was suspended in water (50 ml/g) and air was passed through the homogenate into 10 ml of 0.1 N NaOH to trap HCN produced during hydrolysis of the p-HMN-,8-G. During the aeration period, aliquots of the homogenates were removed and mixed with equal volumes of 10 % trichloroacetic acid and centrifuged to provide a clear supernatant solution. If emulsin or H2SO4 was used to hydrolyze the glycoside, these substances were added and the reaction mixture was aerated to remove and trap any HCN formed.
Analyses for HCN were usually done by the method of Liebig. The HCN content of the 0.1 N NaOH trapping solution (10 ml) was determined directly by adding 2.0 ml 20 % NH4C1 and three drops 5 % KI to the NaOH, then titrating with 0.002 M AgNO3. All readings were corrected for a blank of approximately 0.12 ml. In some instances HCN was also determined by the method of Aldridge (2) . p-Hydroxybenzaldehyde in the 5 % trichloroacetic acid supernatant was analysed as the 2,4-dinitrophenylhydrazone (6 -hydroxyman-The etiolated plant material could not be maintained etiolated seed-in a healthy state beyond 7 days and measurements cedlings) was were discontinued at that point. Samples of the glucoside (0.4-0.75 ,umoles) were added to 0.1 N NaOH in a final volume of 15 ml. The resulting increase in light adsorption at 330 m,u (about 0.8-1.4 O.D. units) was followed until no further increase occurred (2.5 hrs). Aliquots (2.0 ml) of the alkaline solution were then analyzed for HCN and carbonyl value. In the absence of NaOH an aqueous solution of p-HMN-f3-G contained neither HCN nor carbonyl-reactive material after standing 2.5 hours.
an(d for HCN (2) . The data in table I show that the amount of carbonyl reactive material determined as the phenylhydrazone was equivalent to the aldehyde content as determined from the increase in light absorption. The amount of HCN produced as a result of treatment with NaOH is also in agreement with the amount of aldehyde released.
Dunstan and Henry (5) reported that alkaline hydrolysis of p-HMN-fl-G at elevated temperatures initially yielded dhurrinic acid. Upon subsequent hydrolysis with acid this compound formed p-hydroxymandelic acid and glucose. The present data indicate that, at room temperature, alkaline treatment results in hydrolysis of the glycosidic boncl to yield p-hydroxymandelonitrile which in turn decomposes to p-hydroxybenzaldehyde and HCN. Alkaline labile glycosides are well known (3). Amygdalin was unaffected by 0.1 N NaOH under the same conditions. SUMMARY A method for germinating uniform, etiolated seedlings of Sorghumin vulgare Pers. is described. Upon homogenization, the cyanogenic glycoside which occurs in these plants is hydrolyzed enzymically and equimolar amounts of HCN and p-hydroxybenzaldehyde are formed. The glycoside is localized in the aerial shoots of the plant. Seeds of Sorghum do not contain the glycoside but 3-day old etiolated seedlings may contain as much as 15 Amoles per gram fresh weight. The 5-day old green seedling contains approxiimately the same amount of glycoside but in this plant the amount dlecreases as the plant increases with age. Evidence for the instability of the cyanogenic glycoside in alkaline solutions is also presented.
